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[bookmark: _Ref115331598][bookmark: _Ref129681832]A revision to the study item on solutions for Ambient IoT (Internet of Things) was approved in RAN#103 [1]. Appendix A captures the objectives including the following RAN-1 led objectives:
	2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (coordination with SA3 is required for privacy aspects).
•	RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
For Topology 2, no difference in physical layer design from Topology 1.



In RAN1#116, in addition to the several agreements regarding timing and contention-based access, there were several the moderator proposals [6], presented below. 
	FL2 Medium Priority Question 2.1-1b: Based on following agreements made in AI 9.4.2.1, it seems for OFDM-based waveform for A-IoT R2D transmission, it seems obvious that the R2D transmission is aligned with NR symbol boundary. Do you agree?  

(Observation)
FL2 High Priority Proposal 2.1-2b: For A-IoT device, due to time drift from the high SFO (e.g., up to [105] ppm), the UL transmission may not be aligned with NR symbol or slot boundary.
We can come back to this issue once the SFO=10X ppm is decided.

FL2 High Priority Proposal 5.2-1b: To receive a PDSCH or to transmit a PUSCH, at least study following for A-IoT device considering all device types:  
· How to determine the transmission length 
· Whether/How to know the frequency domain resource 
· How to know the TBS
· FFS other necessary information for demodulation of the PDSCH
· FFS other necessary information for transmission of the PUSCH

FL1 High Priority Question 3.3-1a: What is your view or assumptions on the following for A-IoT device with ~1 µW peak power consumption?
· Point 1: the energy storage usage, e.g. it is used to lower the threshold of RF incident power to be activated?
· Point 2: for A-IoT device with ~1 µW peak power consumption, what are the reasonable assumptions/understandings for 
· the power source i.e., RF signal only or and/or any other power sources like light, motion, heat etc. assumed available in addition to RF signal?
· the target coverage
· the energy storage capacity   
· the power consumption when the device is activated
It seems companies have different understandings on the assumptions about the energy storage and whether/how it impacts on the synchronization procedure. This is the first meeting, better to give more time for companies to think by taking into account above companies’ input.   



In this contribution, we provide proposals based on the agreements and proposals from several of the above moderator questions.
Discussion
Background: Deployment topologies and scenarios
The SID states that two topologies are to be examined [1]. In Topology 1, shown in Fig. 1 [5]:
“The Ambient IoT device directly and bidirectionally communicates with a basestation. The communication between the basestation and the ambient IoT device includes Ambient IoT data and/or signalling. This topology includes the possibility that the BS transmitting to the Ambient IoT device is [sic] a different from the BS receiving from the Ambient IoT device.”
[image: ]
[bookmark: _Ref155593781]Fig. 1. Topology 1: BS ↔ Ambient IoT device. 
In Topology 2, shown in Fig. 2 [5]:
“The Ambient IoT device communicates bidirectionally with an intermediate node between the device and basestation. In this topology, the intermediate node can be a relay, IAB node, UE, repeater, etc. which is capable of Ambient IoT. The intermediate node transfers Ambient IoT data and/or signalling between BS and the Ambient IoT device.”
[image: ]
[bookmark: _Ref155593959]Fig. 2. Topology 2: BS ↔ intermediate node ↔ Ambient IoT device
The SID also specifies several requirements that affect frame structure and timing: maximum distance of 10-50 m with device indoors; no RRC states, no mobility (i.e., at least no cell selection/re-selection-like function), no HARQ, no ARQ; FR1 licensed spectrum in FDD; and transmission from Ambient IoT device can occur at least in UL spectrum.
Timing between channels
In RAN1#116, four minimum processing times as well as several FFS were agreed.
	Agreement
For further discussion, the following terminologies are used for A-IoT for studying processing time aspects:
· TR2D_min: Minimum Time between a R2D transmission and the corresponding D2R transmission following it. 
· TD2R_min: Minimum Time between a D2R transmission and the corresponding R2D transmission following it.
· TR2D_R2D_min: Minimum Time between two different consecutive R2D transmissions to the same A-IoT device. 
· TD2R_D2R_min: Minimum Time between two different consecutive D2R transmissions from the same A-IoT device.
· The study should consider at least following aspects 
· Implementation restrictions for the existing BS/UE
· [Processing time is common or different for different A-IoT devices]
· [Processing time for different traffic types/command types (e.g. DT or DO-DTT) and/or different use case (e.g., Inventory or Command)] 
· FFS other timing aspects



Regarding the minimum processing time TR2D_R2D_min, our understanding is TR2D_R2D_min is applicable for when the device is the intended recipient of the first PRDCH, as shown in Fig. 3. If the minimum processing time is large enough, the reader can schedule PRDCH to a different device after the first PRDCH. Additionally, the minimum processing time is measured from the end of the first PRDCH.
PRDCH for device B
≥ TR2D_R2D_min
PRDCH for device A
PRDCH for device C
PRDCH for device A
First PRDCH

[bookmark: _Ref162017675]Fig. 3. Time between consecutive PRDCH for device A where the minimum processing is applicable when device A is the intended recipient.
Proposal 1. The minimum processing time TR2D_R2D_min applies after a device receives a PRDCH intended for it.
One FFS was whether the processing time is the same for different types of devices. In NR, all UEs have a basic processing capability (FG 5-1 “Basic scheduling/HARQ operation”). Additional features allow a UE to indicate increased processing capability. 
A more capable device (e.g., device 2b) may be able to process faster than a less capable device. Conversely, a type 1 device may be able to process faster than a type 2 device. Some options regarding whether the processing time is the same for different types of devices can include:
Opt. A: All devices have the same processing time
Opt. B. Processing times can be different after the capabilities of the device are known to the reader
There is a slight benefit for Opt. B as it provides more flexibility for a system with a little more scheduling complexity. 
Proposal 2: Support processing time can be different for different A-IoT devices once device capabilities are known to the reader.
Another FFS was about the processing time for different traffic types/command types and/or different use case. For this FFS, a review of RFID signaling showed some messages may need more processing time than other messages. For Ambient IoT, it seems reasonable to allow certain commands to have more processing time than other commands. As an example, it is possible to express the processing time for a command type as a sum of a minimum processing time and a message-dependent processing time. 
Proposal 3: Support processing time can be different for different traffic types/command types and/or different use case.
Power considerations
In RAN#103, the following agreement was reached [2].
	Proposal 2
· Confirm that study of design of energy harvesting signal/waveform is out of SI scope in Rel-19
· The potential impact of energy harvesting on device availability for transmission and reception procedures can be considered for the study [RAN2, RAN1]
· Duration of one device’s unavailability due to charging by energy harvesting can be assumed up to several tens of seconds
· Note: this value can be revisited in future RAN plenary meetings, if necessary
· TR 38.848 clause 5.6 statement on latency remains the case with respect to a single device, i.e.: “NOTE: The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.”
· No SID revision is necessary



The agreement indicates that both RAN1 and RAN2 can study the potential impact of energy harvesting (EH) on device availability. While the device is communicating (either transmitting or receiving), a device can deplete its energy. One approach to reduce power consumption while receiving is to design the structure of the PRDCH so that a device can determine if that PRDCH is intended for it. For example, if the PRDCH contains a destination ID, allowing the destination id to be received early in the PRDCH enables a device to stop receiving when the destination ID does not match the device ID. While stopping reception and processing is an implementation choice, the standards can support a mechanism to stop receiving earlier.
Proposal 4. Support providing a destination ID early within PRDCH to allow devices to stop receiving the PRDCH.
[bookmark: _Hlk163200095]The early stop of reception is one possible approach to reduce power consumption and the device's unavailability due to charging. 
Another approach to reduce device's unavailability is to allow the device stop receiving for a certain amount of time. However, a time solution approach is limited by the timing accuracy of the device (SFO). Alternatively, a device can count when certain events happen. The counting is independent of a clock. For example, a device can keep track of the number of PRDCH preambles it detects while skipping processing the PRDCH. Because the number of PRDCH preambles detected in a channel corresponds to an amount of time, the skipping is a scheduling approach to enable a reduce a device's unavailability due to charging. Although the length of each PRDCH can vary, it may be possible to estimate an average length and equivalently an amount of time for harvesting energy. Once a certain number of preambles is detected, a device can resume receiving and processing PRDCH. Noise and channel impairments can cause a device to miss or overcount preambles, resulting in a device to monitor PRDCH later or earlier. However, the protocol will need to support the situation of missed PRDCH at a device (e.g., due to bit errors). 
Proposal 5: To improve device availability, a device can be signaled with a number of PRDCH to skip before looking for a PRDCH that may be intended for it.
Frame structure
In RAN1#116, the following agreements were reached in this agenda item.
	Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.

Agreement
At least the following time domain frame structure is studied for A-IoT R2D and D2R transmission.
· For R2D transmission,
· A R2D timing acquisition signal (e.g. R2D preamble) is included at least for timing acquisition and for indicating the start of the R2D transmission in time domain.
· For D2R transmission,
· A D2R timing acquisition signal (e.g. D2R preamble) is included at least for timing acquisition and for indicating the start of the D2R transmission in time domain.
· FFS other necessary component(s), e.g. midamble, postamble, periodic sync signal, control fields, guard period




Applying this agreement to the PRDCH, the general frame structure for a R2D transmission consists of at least a R2D timing acquisition signal and a PRDCH. From a device perspective, once it receives the R2D timing acquisition signal, it continues receiving the remaining fields including the PRDCH. How it stops receiving is not yet agreed. Some possible approaches include using an electronic signal (e.g., a delimiter (postamble)) and using a length field. Advantages of an electronic signal are that a device just needs to monitor for the signal, and bit errors in the PRDCH and/or control field do not impact the monitoring. As with any signal, impairments can impact detection of the electronic signal. In contrast, a length field allows a device to stop receiving once number of bits is detected. In addition to the effects of bit errors, a length field can be considered as overhead. We see advantages for both a postamble and a length field.
Proposal 6. Either a postamble or a length field to indicate the end of the PRDCH should be considered.
As for control fields for the PRDCH, we support including them. As described above, having a destination ID available allows a device to stop receiving a PRDCH when the device is not the intended destination. In addition, if multiple modulations are supported, have a device perform blind detection can consume power and add complexity. However, if modulation information is included in a control field, a device capable of supporting multiple modulations can start receiving the indicated modulation. 
Proposal 7. Support a control field for PRDCH transmissions. FFS details of the fields.
Having a periodic sync signal can cause scheduling issues and priority issues since the system is asynchronous. As an example, a device can be in the middle of a PDRCH when the readers transmit a periodic sync signal. It may be difficult for a device to stop transmission and start receiving the sync signal. While it may be up to the scheduler to ensure no conflicts occur that adds to the complexity of a scheduler, especially if a UE is a reader. Furthermore, the act of receiving the sync signal consumes power. As there is no benefit with the sync signal (especially since the SFO can be high), it is preferable to not have a periodic sync signal.
Proposal 8. Do not support a periodic sync signal.
On the D2R link, a midamble can have some benefits for a reader during demodulation. With the high clock drift, a reader can determine the amount of drift between an D2R timing acquisition signal and midamble, and between two consecutive midambles; the benefit can be improved demodulation performance. 
Proposal 9: Midambles should be considered for the D2R link.
Scheduling
Related to the control fields were FL questions about “How to determine the transmission length; Whether/How to know the frequency domain resource; How to know the TBS; FFS other necessary information for demodulation of the PRDCH; FFS other necessary information for transmission of the PDRCH”.
In general, the PDRCH is generated in response to a PRDCH; implying that the reader should provide the scheduling parameters within the PRDCH. Whether this is in the form of a control field or a MAC CE (such as what is used for Msg2) is to be determined. The scheduling parameters can include the frequency domain resource, the number of bits, modulation information if multiple modulation formats are supported, coding / coding rate if supported. 
Proposal 10: An Ambient IoT device obtains scheduling parameters in the PRDCH for the transmitting a PDRCH in response to a received PRDCH
To receive the PRDCH, aspects, including a harmonized design, support for higher capability devices, and low complexity, should be considered. For example, if multiple modulations are supported, blind detection can be challenging from a complexity and power consumption perspective. Even detecting multiple R2D timing acquisition signals can increase complexity. If a frame structure allows for a harmonized design devices to obtain basic information about the PRDCH, then features such as support of multiple modulation of the PRDCH can be considered. The basic information can include the length of the PRDCH if supported and the type of cast (broadcast, unicast, multicast) for the PRDCH. 
Proposal 11: A control field to indicate certain scheduling information about the PRDCH is supported.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
Proposal 1. The minimum processing time TR2D_R2D_min applies after a device receives a PRDCH intended for it.
Proposal 2: Support processing time can be different for different A-IoT devices once device capabilities are known to the reader.
Proposal 3: Support processing time can be different for different traffic types/command types and/or different use case.
Proposal 4. Support providing a destination ID early within PRDCH to allow devices to stop receiving the PRDCH.
Proposal 5: To improve device availability, a device can be signaled with a number of PRDCH to skip before looking for a PRDCH that may be intended for it.
Proposal 6. Either a postamble or a length field to indicate the end of the PRDCH should be considered.
Proposal 7. Support a control field for PRDCH transmissions. FFS details of the fields.
Proposal 8. Do not support a periodic sync signal.
Proposal 9: Midambles should be considered for the D2R link.
Proposal 10: An Ambient IoT device obtains scheduling parameters in the PRDCH for the transmitting a PDRCH in response to a received PRDCH
Proposal 11: A control field to indicate certain scheduling information about the PRDCH is supported.
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Appendix
Appendix A: Study item objectives [1]
	This study targets a further assessment at RAN WG-level of Ambient IoT, a new 3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The study shall provide clear differentiation, i.e. addressing use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technology e.g. NB-IoT including with reduced peak Tx power.
General Scope
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
ii.  a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X is to be decided in WGs.
· [bookmark: _Hlk155594205]Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “ a few hundred µW” requirement.

B. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:
· Deployment scenario 1 with Topology 1
· Basestation and coexistence characteristics: Micro-cell, co-site
· Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Basestation and coexistence characteristics: Macro-cell, co-site
· The location of intermediate node is indoor
C. FR1 licensed spectrum in FDD.
D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
E. [bookmark: _Hlk157581612]Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.
Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.

The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.

2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
For Topology 2, no difference in physical layer design from Topology 1.
· RAN2-led:
· Study and decide which functions are needed for an Ambient IoT compact protocol stack and lightweight signalling procedure to enable DO-DTT and DT data transmission, and study those functions.
For example:
· Paging
· Random access
· Data transmission, including necessary radio resource control aspects, respecting the limitation in the General Scope 
· Interactions with upper layers
For functionalities not listed above, they are studied only if found essential.
· RAN3-led:
· Identify necessary impacts on signaling and procedures for CN-RAN interface, to enable:
· Paging  
· Device context management
· Data transport
· Identify RAN architecture aspects, including whether support for split architecture is necessary.
· Identify potential solutions for locating an Ambient IoT device with no specification impact, e.g. reusing existing user location report, or minimal specification impact to convey location information to core network.
· RAN4-led:
· Coexistence study of Ambient IoT and NR/LTE.
· RF requirements study for Ambient IoT:
· Ambient IoT BS transmission and reception
· Ambient IoT Device, as per the General Scope, transmission and reception
· Intermediate node (UE), as per the General Scope, transmission and reception

RAN2 and RAN3 are expected to identify RAN-CN functional split in coordination with SA2.

Note: This study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. The study shall not aim to replace existing 3GPP LPWA technologies.



Appendix B: FL comments

	For agenda 9.4.1.1 and 9.4.2.4
The CW scenarios discussed in 9.4.2.4 has been agreed in RAN1#116. For 9.4.1.1, it may also have the coverage/link budget evaluation scenarios. To be aligned with the agreements, it is expected that companies to clarify the assumption of CW when they discuss coverage/link budget evaluation scenarios in 9.4.1.1.  For example,  
· for the coverage evaluation D1T1-A (CW inside topology), what is the CW assumption: Case 1-1/1-2?
· for the coverage evaluation D2T2-B (CW outside topology), what is the CW assumption: Case 2-3/2-4?
It is also encouraged that companies to provide other important assumptions when they are providing the coverage/link budget evaluation.

For agenda 9.4.1.1 and 9.4.1.2
· For 9.4.1.1 evaluation, it is expected to agree on a few threshold value(s) for study the coverage only. The feasibility of these threshold can be further discussed in 9.4.1.2.

For agenda 9.4.2.2 and 9.4.2.3
Generally speaking, 
· Anything related to channel design (such as 38.211/212 related) is to be discussed in 9.4.2.3, 
· Anything related to procedure aspects (such as 38.213/214 related) is to be discussed in 9.4.2.2. 

To some specific aspects of topics, it is suggested as follows,
· synchronization procedure related aspects, e.g., periodic/aperiodic/on-demand, to be discussed in 9.4.2.2
· synchronization signals design, e.g., preamble (if any) and other signal design, to be discussed in 9.4.2.3
· physical channels (PRDCH, PDRCH), e.g., channel structure/payload/…, to be discussed in 9.4.2.3
· random access procedure related, to be discussed in 9.4.2.2
· random access channel if any, to be discussed in 9.4.2.3
· scheduling information, 
· which of the scheduling information to be indicated, e.g., TB size, resource allocation and anything related to scheduling and timing procedure, to be discussed in 9.4.2.2,
· how to indicate the scheduling information by a physical channel, to be discussed in 9.4.2.3.
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